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Abstract 
Methane fermentation of the syrup wastewater was conducted using the anaerobic sequencing batch reactor (ASBR). 
Organic loading rate (OLR), which is calculated by dividing the substrate concentration in the wastewater by 
hydraulic retention time (HRT), was set at the same value in two runs; R1 with longer HRT and higher concentration 
of substrate, and R2 with shorter HRT and lower concentration of substrate. The effects of HRT and substrate 
concentration on the performance of the methane fermentation were tried to be elucidated by comparing two 
experimental runs. The OLR was increased stepwisely from 2.6 to 20.4 g-COD/L/d. No significant difference was 
observed until the OLR of 10.2 g-COD/L/d. After the OLR increased to 20.4 g-COD/L/d, oxidation reduction 
potential (ORP) in R2 with short HRT of 3.1 days increased immediately and methane gas production rate (MPR) 
decreased drastically.  In contrast, the ORP of R1 with long HRT of 6.2 days was in the range from -450 to -350 mV, 
and high MPR was maintained for a while though the OLR in R1 was the same with that in R2. More than 10 days of 
operation with the OLR of 20.4 g-COD/L/d, however, the pH in R1 decreased abruptly and the MPR also decreased 
rapidly. It was revealed that the collapse of methane fermentation caused by the too short HRT occurred faster than 
that caused by the too high concentration of substrate. 
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Beijing Institute of Technology. 
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1. Introduction 
Anaerobic digestion has been established as a method of producing alternative energy. The anaerobic 
digestion process produces biogas which can be used as a clean renewable energy source [1]. Furthermore, 
limits on fossil fuels reserve and climate changes have brought new insights into the utilization of 
biomass [2] and the recent rises in oil and natural gas prices force us to seek alternative energy sources. 
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Anaerobic digestion is considered one of the best placed processes to reduce the amount of organic waste 
and recovering energy. Kim [3] reported the advantages of anaerobic digestion processes are a low energy 
requirement for operation, a low initial investment cost and a low sludge production. In addition, 
anaerobic digestion is an effective method that converts organic matters into renewable energy, and 
biogas production from organic wastes is known to be an efficient process that has potential to be an 
economical and sustainable way for renewable biogas production. Extensive researchers have developed 
anaerobic digestion processes using diverse organic wastes as substrates [4-6]. Among the diverse 
anaerobic digestion systems, the anaerobic sequencing batch reactor (ASBR) has been widely developed 
and is a self-immobilizing biomass retaining reactor [7-8]. Moreover, ASBR for wastewater treatment 
retain a high active biomass concentration in the reactor which enables the application of high OLRs, high 
performance and stability compared to conventional anaerobic treatment processes [9]. The objective of 
present study was to effects of HRT and substrate concentration on the performance of the laboratory-
scale ASBR was investigated. 
2. Materials and methods 
2.1. Substrate and inoculum 
Fruits syrup wastewater derived from a fruit-canning factory, Yamanashi Kanzume Co., Ltd., 
Shizuoka, Japan was used as substrate. At the laboratory, waste syrup was stored at 4 °C before use. 
Inoculum was obtained from a brewery. 
2.2. Operating conditions 
Two identical sets of reactors (R1 and R2) were operated in this study. Total volume and working 
capacity of the ASBR were 2.5 L and 1.8 L, respectively. The temperature in the reactor was maintained 
at 39 °C via water container through water jacket surrounding the reactor by water pump. Prior to the 
start-up, reactors were filled with each 0.9 L of granular sludge and distilled water, then pH value of the 
sludge was adjusted to 7.75 by the addition of 1 N sodium hydroxide solution, and N2 was flushed in the 
reactor for 10 min to ensure the anaerobic conditions. Before feeding, pH of waste syrup was adjusted to 
9 using 5 N sodium hydroxide solution and C/N/P ratio was adjusted to 100/15/1 using urea and 
dipotassium phosphate, and NiCl2 and CoCl2 were added to the waste syrup so that the final concentration 
was 1 mg/L each. The waste syrup was fed into the fermentation reactor by peristaltic pump (MP-3N, 
Eyela, Tokyo, Japan) with electronic timer. The reactors were mixed using a stirrer (50 rpm). 
Table 1. Operating conditions of reactors. 
 
 
 
 
 
Fermentation 
time (d) 
Reactor OLR 
(g-COD/L/d) 
HRT  
(d) 
Concentration of 
substrate (g-COD/L) 
1-14 R1  2.6 15 38.1 
R2 5 12.8 
15-28 R1  5.1 15 76.0 
R2 5 25.3 
29-42 R1  10.2 12.4 126.7 
R2 4.1 41.9 
43-59 R1  20.4 6.2 126.7 
R2 3.1 63.5 
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R1and R2 were the same in the organic loading rates (OLRs), but syrup wastewater concentrations and 
HRTs were different each other. The OLR was adjusted by both diluting waste syrup with distilled water 
and changing the hydraulic retention time (HRT). The concentration of syrup wastewater was stepwisely 
increased from 38.1 up to 126.7 g-COD/L in R1, and from 12.5 up to 63.5 g-COD/L in R2. The HRT of 
R1 and R2 were set at 15 and 5 days respectively from the 0 to 28 d, and then stepwisely decreased from 
12.4 down to 6.2 days in R1, and from 4.1 down to 3.1 days in R2 until the fermentation time of 59 d. As 
a result, the OLR was stepwisely increased as fermentation progressed reaching a maximum value of 20.4 
g-COD/L/d. The operation conditions of the reactors are shown in Table 1. 
2.3. Analytical methods 
The pH value was monitored using a pH controller (FC-2000, Eyela, Tokyo, Japan) with electrode 
(PH-3P, Mettler Toledo, Tokyo, Japan) installed inside the fermenter and oxidation reduction potential 
(ORP) value was measured using ORP meter (FPH92, Fine, Tokyo, Japan). A sample of the exhaust gas 
was captured into a plastic bag (Tedlar bag, Omi Odoair Service Co., Ltd., Omihachiman, Japan) once a 
day and the volume of the exhaust gas was measured using dry test gas meter (DC-1, Shinagawa, Tokyo, 
Japan). Gas compositions were analyzed by GC-MS. GC-MS analysis was performed on a Shimadzu QP-
5050A mass spectrometer with a CP-Polar Bond Q fused silica capillary column (25 m×0.25 mm i.d., 
 Organic acids were analyzed by 
HPLC (LC-2000 plus HPLC system, Jasco) equipped with a YMC-UltraHT Pro C18 column (AS12S02-
1003WT, YMC Corporation).  
3. Results and discussion 
3.1. pH and oxidation reduction potential 
Fig. 1(a) represents the courses of pH during ASBR methane fermentation. After the start-up of 
feeding, the pH values of R1 and R2 dropped sharply, suggesting the production of organic acids after the 
feeding. The pH values were stable in R1 and R2 at around 8 after 20 d until 42 d. The fates of the pH of 
the reactors were different from each other after OLR increased to 20.4 g-COD/L/d. The pH value in R1 
and R2 decreased rapidly at the moment of changing OLR and HRT and then, pH value began to revert 
back. Thereafter, the pH value in R1 was maintained around 7.9 whereas the pH value in R2 was stayed 
at the low value of 6.5. The sharp decrease in pH may indicate that methanogenesis proceeds at a slower 
rate than the production of organic acids. It could be attributed to the fact that shorter HRT stimulate the 
bacteria that produced a large amount of organic acids which cause the decrease in the digestive capacity 
of archaea. Finally, the pH in R1 decreased drastically from 55 d even though the HRT level was kept 6.2 
d at OLR of 20.4 g-COD/L/d. It can be considered that the acids was accumulated because of the syrup of 
high concentration, thus pH value decreased in spite that the HRT level was kept at adequate ranges. 
Fig. 1(b) represents the courses of the oxidation reduction potential (ORP) value. In R1 and R2, the 
ORP value decreased gradually until 20 d. ORP value of R1 decreased consistently but the value of R2 
was fluctuating in this period. It may be caused by the differences of dissolved oxygen level by increased 
in cell density of bacteria even though operated same organic loading rate. OPR values were -460 to -390 
mV in R1 and -410 to -350 mV in R2, respectively from 20 to 42 d. The ORP values of both reactors 
gradually increased along with the decrease in HRTs, suggesting that the shorter HRT induced higher 
concentration of dissolved oxygen. Gerardi [10] reported that at the OPR values between -300 to -100 mV, 
degradation of organic compounds takes place primarily in the fermentation and the ORP values lower 
than -300 mV corresponds to the considerable methanogenic activity in anaerobic conditions. In R1, the 
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ORP value kept constantly ca. -400 mV after 45 d. On the other hand, the ORP value in R2 increased up
to ca. -250 mV. The higher value of ORP in R2 than that in R1 corresponded to the shorter HRT in R2 of 
3.2 days than that of R1 of 6.2 days.
(a)                                                                                (b)
Fig. 1. The courses of pH during ASBR methane fermentation (a), and the courses of ORP during ASBR methane fermentation (b).
3.2. Methane production rate
Fig. 2 represents the courses of methane production rate (MPR) in R1 and R2. Until 42 d, no
significant difference in the MPR was observed between R1 and R2 suggesting that both concentration of 
substrate and HRT adapted from 0 d to 42 d of methane fermentation didn t seem to inhibit the methane
fermentation. After 43 d of methane fermentation, the OLR for both experimental runs increased to 20.4 
g-COD/L/d, the MPR in R1 increased rapidly from 1.4 to 4.2 L/L/d, while the MPR in R2 decreased to
less than 1 L/L/d. The ORP value of R2 was higher than that of R1 indicating that the oxygen supply 
associated with influent of the wastewater in R2 with short HRT of 3.1 days was higher than that in R1
with long HRT of 6.2 days, which was considered to cause the inhibition of the methanogenic activity in
R2. After 55 d of fermentation, the diminution in the MPR in R1 was also observed together with the
decrease of pH even though the ORP value was maintained at low level as low as ca. -400 mV.
Fig. 2. The courses of methane production rate (MPR) during ASBR methane fermentation.
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3.3. Organic acids
Fig. 3 represents the courses of organic acid concentrations during ASBR methane fermentation.
Increase in the concentrations of acetic acid and propionic acid were observed earlier in R2 than in R1, 
confirming that the higher ORP level resulted from shorter HRT in R2 enhanced the production of 
organic acid by bacteria. After the OLR increased to 20.4 g-COD/L/d at 43 d, the acetic acid and
propionic acid concentrations in R2 were increased to around 7000 and 2500 mg/L, respectively. Siegert 
and Banks [11] reported that inhibitory effect of VFAs on the methane production was observed at the 
total concentration of VFAs above 4000 mg/L and it was confirmed that the high concentration of VFAs
caused the inhibition of the methane gas production in R2 after 43 d of fermentation. The acetic acid and
propionic acid concentrations were also kept increasing in R1 after 43 d. It was considered that the high
concentration of substrate caused the increase in the concentration of VFAs. However, in R1, oxygen
concentration was limited and therefore, the increase in the concentration of VFAs may have not been
such drastic as observed in R2. Nevertheless, after 55 d of fermentation, acetic acid and propionic acid 
concentrations in R1 reached ca. 3800 and 300 mg/L, respectively, exceeding the critical VFAs 
concentration, 4000 mg/L and then, the collapse of methane fermentation was observed in R1, also. 
Therefore, it was revealed that the collapse of methane fermentation caused by the too short HRT
occurred faster than that caused by the too high concentration of substrate.
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. The courses of organic acids during ASBR methane fermentation: acetic acid (AA); propionic acid (PA); lactic acid (LA).
4. Conclusions
ASBR methane fermentation of the syrup wastewater was carried out in order to investigate the effects
of HRT and substrate concentration on the performance. When the methane fermentation was operated at 
the OLR of 20.4 g-COD/L/d, for the reactor with short HRT of 3.1 days and with the lower concentration 
of substrate of 63.5 g-COD/L, collapse of the methane fermentation was observed immediately after the
increase in the OLR, whereas the methane fermentation collapse delayed more than 10 days in the reactor 
with long HRT of 6.2 days and higher concentration of substrate of 126.7 g-COD/L. It was considered 
that short HRT condition resulted in the increase in the oxygen concentration that inhibited the
methanogenic activity directly and also stimulated the VFAs production by bacteria causing the decrease
in pH, which consequently affected adversely to the methanogenic activity. In contrast, long HRT
condition corresponding to the low concentration of the oxygen slowed down the increase in the VFAs
production, resulting in the delay of the collapse of methane fermentation. 
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